Professional practice evaluation allows practitioners to improve quality of care, firstly by raising questions about improving professional practice through an evidence-based approach, secondly by looking at differences between what is actually applied and the standards of practice, and finally by implementing improvement actions to reduce these differences. 
Thus, morbidity of RCTs is a reality and the evaluation of the quality of RCTs is important given public health consequences. Moreover, in many countries, dental students are taught in private or university hospitals where they treat patients under the supervision of teachers.
Health and educational authorities could be interested in encouraging an evaluation process in dental schools for two reasons. Firstly, assessing the quality of root canal treatments (RCTs) would provide information about the quality of care that patients receive when treated by students. Secondly, exposing the students to an evaluation process during their studies would promote the development of this process through the dental professional network. However, examples of methodologies for quality measurement were poorly described in dentistry.
The Deming cycle or Plan-Do-Check-Act cycle (PDCA) is a popular approach to problem solving and implementing solutions. 24, 25 The method originates from within the industry from Walter Shewhart and Edward Deming's articulation of iterative processes which is characterised by four consecutive phases: (i) Plan: identifying and analysing the problem; (ii) Do: developing and testing a potential solution; (iii) Check: measuring how effective the test solution was and analysing whether it could be improved in any way and (iv) Act:
implementing the improved solution fully. In healthcare, different applications of PDCA methodology demonstrated improvements in the safety of critically ill patients transportations, 27 in modifying practitioner's prescribing behaviour, 28, 29 in operating room management, 30, 31 in reducing perianal infection rate of haematological malignancies, 32 in post-operative neonatal nutritional practices, 33 etc
As with all scientific methods, documentation of each stage of the PDCA cycle is important to support scientific quality, local learning and reflection and to ensure knowledge is captured to support organizational memory and transferability of learning. In particular, the "Plan"
phase is the key of the success for PDCA as it defines indicators and methods to be used during the "Do," "Check" and "Act" phases. This study reports the methodology of the "Plan" phase of a Deming cycle developed in a dental department of a French university hospital.
| MATERIAL AND ME THODS
This action was declared to the Commission for the Improvement of Professional Practices of the University hospital of ClermontFerrand (number A62). The "Plan" phase of a Deming cycle has its own methodology that can be divided into six steps 25 and characterised for endodontic purposes as shown in Table 1 . Steps 1-5 were conducted by three PDCA managers (two teachers in endodontics and one in prosthodontics), and the endodontics and restorative dentistry faculty was enrolled for consensual decisions in Step 6.
| Step 1: Revisiting the current standard in Endodontics
This phase identified the quality and the outcome of root canal treatment (RCT) as the targeted procedure for PDCA referring to academic guidelines. The current standard in endodontics was established by internationally recognised authors in textbooks 34, 35 and in the international quality guidelines report by the European Society of Endodontology. 36 In France, the National Authority for Health (HAS) edited recommendations for good clinical practice in endodontics based on a systematic literature review 37 and experts' opinions.
| Step 2: Choice of indicators
This step will provide evidence-based indicators to be used subsequently in Step 3 of the "Plan" phase of PDCA. 
| Step 3: Evaluation of the targeted procedure
This step was conducted as an observational study based on clinical data from therapeutic procedures conducted in the dental service between September 2010 and July 2013. It was approved by the local ethical committee (CE-CIC-GREN-11/17).
| Data collection
All data were collected on paper for any patient aged 18 years or over who had received at least one root canal treatment in a permanent tooth during the study period. Each RCT performed by the fourth-, fifth-and sixth-year students was assessed using clinical and radiographic monitoring post-operatively (T0). After one year, patients were free to make an appointment. During this visit, clinical and radiographic evaluation of any registered treated tooth was done by a single calibrated investigator (follow-up evaluation: T1). Three cohorts of patients were created during the three consecutive academic years 2010-2013, and their data were pooled to form a single group of RCTs (Table 2 ).
| Endodontic procedures
Root canal treatments were performed by fourth-, fifth-or sixth-year dental students under supervision of a senior hospital practitioner (ratio senior/student: 1/8) according to the French recommendations for good clinical practice. After rubber dam placement, the working length was estimated using retro-alveolar radiography or an electronic apex locator. Canal cleaning and shaping were performed according to crown down technique with Gates 3 or 2 and manual instrumentation, using sodium hypochlorite (2.5%) followed by thermomechanical compaction (Gutta Condensor, Denstply Maillefer) with a zinc oxide and eugenol sealer (Sealite™ Regular, Acteon Pharma, Mérignac, France).
| Study criteria
The type of radiographic examination and the criteria for technical quality of RCT and outcome of RCT were selected from the literature review of Step 2.
| Statistical analysis
Statistical analyses were undertaken using IBM SPSS 20.5© software (IBM France, Bois Colombes, France).
All radiographs were evaluated under optimal condition for the best possible radiographic contrast. One observer (PYC) was calibrated to evaluate the study criteria using a set of 100 radiographs randomly selected from the 501 radiographs taken during a previous study. 56 The images were scored twice at a one-month interval. For length, density and PAI score, the intra-examiner agreement gave Kappa values of 0.65, 0.47 and 0.70. For the criterion "obturation of the whole canal system," the examiner was in full agreement for test and retest evaluations.
To test whether the follow-up group was representative of the T0 group, the distribution of all RCTs performed at T0 was compared with the distributions of RCTs using a chi-square test (α = 0.05) according to patient's age and sex, type of tooth, initial pulp status, periapical index, quality of the treatment, student's year of study and the difficulty level of the endodontic cases, using the grid of the American Association of Endodontists. 
| Step 5: Analysis of factors affecting the variability of the observed results
This step aimed to investigate which factors could be controlled in order to increase the LSD score and the proportion of RCTs with a favourable outcome. Factors affecting the LSD score were recorded at T0. These factors included the type of tooth, the treatment difficulty, the factors affecting difficulty, the pulpal status, the student's year of study and the preoperative PAI score using a chi-square test (α = 0.05). Factors affecting the proportion of effective RCTs after a one-year period (T1) were noted. These included type of tooth, treatment difficulty, the factors of difficulty, treatment quality, preoperative PAI score and the students' year of study using a chisquare test (α = 0.05).
| Step 6: Proposal for actions
The endodontic teaching staff was invited by the managers' group of PDCA to participate at a consensus meeting. An evidence-based TA B L E 1 Description of the steps and actors of the Plan phase of a Plan-Do-Check-Act cycles for application in endodontics PDCA managers, endodontics teachers and staff approach was required to propose which procedures could be introduced in order to improve the quality and outcome scores for RCTs.
| RE SULTS

| Step 1: The current standard in endodontics
Root canal treatments aim to prevent, decrease or eliminate periapical infection, by achieving a complete apical and coronal seal of the root canal system to prevent bacterial leakage. Good clinical practice in endodontics is characterised by two criteria: the technical quality of the treatment and the outcome of this treatment. In the literature, a periapical radiograph is used to assess endodontic treatment quality. A root canal treatment is technically successful if:
(i) the root filling is within 2 mm of the radiographic apex; (ii) the root filling is compact and (iii) all radicular canals are filled. 36 The biological healing process makes the follow-up period very important for the long-term assessment of the RCT outcome. The duration of the follow-up period is still debated, depending on different visions of the outcome of RCTs. Two opposing trends exist. On the one hand, some authors consider that the outcome of RCT is reached when the periapical bone is healthy or fully healed and they estimate that the follow-up period should be around four years. 63 On the other hand, there are authors who consider that the outcome of RCT is reached when there are no visible periapical lesions, or none have increased post-operatively; they limit the follow-up period to one year.
64,76
| Step 2: Choice of indicators
In all studies, the indicators to measure the quality and the outcome of RCTs were the proportions of RCTs that met the conditions for adequate quality treatment and the proportions of RCTs meeting the criteria for the outcome of RCTs. However, the criteria for adequate RCT quality and outcome differed among studies.
| Type of radiographic examination
Thirty-five studies were based on periapical radiography 8, [11] [12] [13] 15, [17] [18] [19] [38] [39] [40] [41] [42] [43] and fourteen on orthopantomograms. 7, 10, 14, 16, [45] [46] [47] [48] [49] The periapical radiograph was chosen to evaluate quality and outcomes of RCTs for Step 3 of the present project.
| Technical quality of RCT
Among the 40 studies that reported data on RCT quality, four criteria were used to characterise the quality of the RCTs: the root canal should be filled with material in all its length (Length criterion: L); the entire canal system must be treated (System criterion: S); the root filling density must be homogeneous and without any void (Density criterion: D); the taper of the root filling should be sufficiently conical to allow the irrigation solution to reach the apical part of the canal (Taper criterion: T). The categorisation of the "Length" criterion varied among studies. The end of the root filling had to be within 2 mm of the apex in 34 studies, 7, 8, 10, [12] [13] [14] [15] [16] [17] [18] [19] [38] [39] [40] [41] within 3 mm of the apex in five studies 11, 57, 61, 73, 77 and within 2 mm of the apex or 1 mm beyond the radiographic apex for one author. 46 Eight studies were based on the use of the single "Length" criterion, 7, 41, 42, [49] [50] [51] 60 twenty studies used the criteria "Length" and "Density," 8, [10] [11] [12] [13] [14] [15] [16] 39, 40, 45, 52, 53 three studies associated the criteria "Length," "Density" and "Taper," 17, 38, 44 and nine studies associated the criteria "Length,"
"System" and "Density." 18, 19, 43, 46, 48, 56, 59, 62, 74 A group of seventeen studies used the criteria LD, LDT or LSD measured on periapical Post-operative and follow-up data were collected from three cohorts of patients that were pooled to constitute a single cohort. Data from immediate postoperative evaluation were used for RCTs quality evaluation, while data from follow-up re-evaluation served for RCTs outcome evaluation. a Due to non-distribution of recalls, recall avoidance or failed appointments
poor sensitivity and specificity, particularly for multi-canal roots.
However, LSD score corresponds to the definition of a good quality treatment, as defined in Step 1. Consequently, we choose to use both LD and LSD scores for Step 3. In case of multi-rooted teeth, the treatment was considered "unsuccessful" if one canal did not meet the three criteria.
| Outcome of RCT
All studies reporting data on RCT outcomes referred to the use of the periapical index (PAI) which characterises the periapical state on the basis of its radiological appearance. 78 It is divided into five 
| Step 3: Evaluation of the targeted procedure
Overall, 2701 RCTs from 1821 patients (925 men and 896 women; mean age: 44.4 ± 17.5 years) were assessed at T0 and 384
RCTs from 268 patients (129 men and 139 women; mean age:
57.8 ± 15.2 years) were assessed at T1. The mean follow-up period was 16.9 ± 5.7 months.
The distributions of RCTs at T0 and T1 according to the type of tooth, treatment difficulty, initial pulp status, periapical index, the student's experience and the treatment quality criteria are presented in Table 3 . It can be noted that: (i) the majority of RCTs were performed by fifth year students; (ii) more multi-rooted teeth than incisors and canines were treated; (iii) more than half of the treatments were highly difficult and (iv) one-third of the teeth were vital, and there were more vital molars and premolars than incisors and canines (P < 0.001).
The recall rate is rather low, at just 14% of treated teeth.
However, T0 and T1 groups were similar by distribution of the type of tooth, pulp status and treatment quality, but in the distribution of the number of RCTs performed, they differed by the students' academic year, endodontic treatment difficulty and PAI scores at T0.
| Quality of RCTs
Post-operatively, the proportion of RCTs satisfying the criteria for good quality reached 58.1% and 55.5% for LD and LSD scores, respectively (P < 0.001). Neither score varied in T1 groups.
| Outcome of RCTs
Overall, in T1 group, 65.6% of RCTs were scored as effective, 13.7% were uncertain, and 20.7% were ineffective. The PAI score at T0 has a positive effect on the outcome of RCT. Among the treatments that were evaluated as ineffective, 26 had associated clinical signs (seventeen showed percussion sensitivity and nine had palpable apical swellings) without any enlargement of a radiolucency one year after treatment.
| Step 4:
Comparisons between observed data, the literature data and the current standard Table 4 shows that the quality of RCTs in the present study was within the range of similar studies, excluding Craveiro et al, 62 in which the operator was a specialist in endodontics. However, compared with good clinical practice, LD and LSD scores from previous similar studies and in the present evaluation were low, as about half the treatments did not satisfy the quality criteria. Table 5 shows that the proportion of effective RCTs was lower in the present evaluation than in other studies, where it varied between 76% and 96% when the same conditions for a favourable outcome were applied ("E" condition in Table 5 ). Moreover, the recall rate was particularly weak in the present evaluation.
| Quality of RCTs
| Outcome of RCTs
Step 4 demonstrated that no study reported the completion of 100% of the cases either for the quality of RCTs or for the outcome, despite the fact that most of them had been done in accordance with "academic" standards.
| Step 5: Analysis of factors affecting the variability of the observed results
| Factors affecting RCT quality
The proportion of RCTs with good quality LSD scores was significantly lower for posterior teeth compared with anterior ones, for non-visible canals compared with visible canals, for vital teeth compared with non-vital and re-treated teeth and for curved canals compared with straight canals (P < 0.001). Neither the students' year of study nor the global score of the treatment difficulty was associated with the LSD score variations.
| Factors associated with RCTs outcome
The preoperative periapical status and the level of treatment difficulty seemed to be associated with the outcome of RCTs, the highest PAI scores and the highest level of difficulty associated with ineffective treatments (P < 0.0001). The quality of RCTs had no effect on the variation of the proportion of effective RCTs.
| Step 6: Proposal for actions
There was a consensus to develop a decisional tree for preopera- six months was 97% 74 and 89.7% after 27 months, 81 while the survival rate after 24 months was 82%. 82 However, pulpotomy treatment required immediate sealing and should be limited to the teeth which could be treated and restored in a single session and (iii) other specific cases of RCT difficulty that could not be resolved using one of the previous procedures should be referred to a supervisor in endodontics.
| D ISCUSS I ON
This study describes the "Plan" phase of a Deming cycle as the first step of an ongoing effort to improve practices in endodontics in a university dental hospital. The goals of a "Plan" phase are to identify and analyse the endodontic practices which can be improved.
In Steps 1 and 2, endodontic standards were researched in literature reviews along with which criteria have to be used to evaluate the quality and the outcome of RCTs. The evaluation of the quality and the outcome of RCTs performed in the targeted university dental service were done in Step 3, reporting 55.5% of RCTs with good quality and 65.6% of RCTs being effective. The comparison between literature data and academic standards made in Step 4 demonstrated that these values were rather low. The factors affecting the variability for quality and outcomes of RCTs were analysed in
Step 5. That allowed the proposal of the implementation of three TA B L E 3 Comparison of the distribution of endodontic treatments at T0 and T1 for the initial group and the follow-up group, according to the type of tooth, the treatment difficulty, the initial pulp status, the periapical index and treatment quality criteria actions in the "Do" phase of the PDCA cycle in Step 6. The effectiveness of these actions will have to be measured during the "Check" phase, using the criteria of quality and outcome of RCTs treatment justified by the "Plan" phase described in this paper. Finally, during the "Act" phase, and depending on the results of the "Check" phase, the successful action(s) tested during the "Do" phase would then be adopted. After that, depending on the results of this first Deming cycle, a new cycle will follow.
Several points could be discussed regarding limitations of the study. First, the choice of the use of rotary nickel-titanium (NiTi) files for any tooth where at least one canal presented moderate or high difficulty for RCT was not recognised with comparable criteria for treatment quality in the student population but in general practitioners after a postgraduate course, 72 and it could be hypothesised that rotary instrumentation in the hands of undergraduate students could be more aggressive than manual instrumentation. However, it was reported that the use of rotary instrumentation by under-and postgraduate students led to a lower incidence rate of procedural errors and a higher success rate compared of the use of stainless-steel files. 79, 80 An ex vivo study reported that the use of endodontic treatment systems with machine-driven files manipulated by undergraduate dental students led to a higher quality lateral seal compared to the manual system. 83 Second, the low recall rate reported during Step 3 could depreciate the results of the RCT outcomes, despite the fact that T1 group is representative of T0 group based on the criteria for treatment quality. This representativity led us to consider that the results for the quality of RCTs founded for T1 group would not change with an increased recall rate. However, as the representativity could not be tested for the RCTs outcome, the value of 65.6% of effective RCTs is relative. Consequently, improving the recall rate could be the goal of a further PDCA cycle.
Third, it was noted that the quality of RCTs had no effect on the variation of the proportion of effective RCTs. That could be explained by the obligation for students to observe a rigorous protocol controlling asepsis and disinfection, particularly including rubber dam isolation and abundant sodium hypochlorite irrigation.
Fourth, Step 5 demonstrated that neither the students' year nor the global score for treatment difficulty was associated with the quality of RCTs. Such results could be explained by the low competencies of undergraduates, either in fourth, fifth or sixth year.
In France, the dental curriculum is based on a six-year period, the first year being basic medical, physiotherapy and maieutic studies.
From the second year on, the content devoted to endodontics can vary among dental faculties. In the considered university hospital, ND, no data.
Depending on the study, five descriptions were given for the conditions for a favourable outcome of RCT: "A": no signs nor symptoms present on follow-up examination and the image of a complete lamina dura and a normally appearing periodontal membrane; "B": absence of radiographic signs of apical periodontitis (PAI <3) and absence of clinical signs and symptoms other than tenderness to percussion; "C": absence of radiographic signs of apical periodontitis (PAI <2) or decrease of the PAI score; "D": proportion of surviving teeth with normal periapical status (PAI ≤2); "E": absence of a periapical lesion with no pain, swelling or discomfort or reduction in the size of the periapical lesion but not completely resolved with no pain, swelling or discomfort.
was pursued by operators during the fifth year and the first semester of the sixth year for 6 hours/wk. Patients were referred to students regardless of the difficulties of the clinical situation or the students' experience. Moreover, these contents were not totally devoted to endodontics. It was recognised that undergraduate training can only achieve a minimum level of competence and experience. 84, 85 This argument is widely debated throughout 
| CON CLUS ION
Professional practice evaluation allows practitioners to improve quality of care, firstly by raising questions about improving professional practice through an evidence-based approach, secondly by observing differences between what is actually applied and the standards of practice, and finally by implementing improvement actions to reduce these differences.
This study describes the "Plan" phase of a Deming cycle and provides data that are necessary for further "Do," "Check" and "Act"
phases of the first Deming cycle. The present methodology could be repeated in every dental practice or service, either public or private.
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